Palmitoylethanolamide protects dentate gyrus granule cells via peroxisome proliferator-activated receptor-α.
Endocannabinoids like 2-arachidonoylglycerol strongly modulate the complex machinery of secondary neuronal damage and are shown to improve neuronal survival after excitotoxic lesion. Palmitoylethanolamide (PEA), the naturally occurring fatty acid amide of ethanolamine and palmitic acid, is an endogenous lipid known to mimic several effects of endocannabinoids even without binding to cannabinoid receptors. Here we show that PEA (0.001-1 μM) and the synthetic peroxisome proliferator-activated receptor (PPAR)-alpha agonist 4-chloro-6-(2,3-xylidino)-2-pyrimidinylthio acetic acid (Wy-14,643; 0.1-1 μM) reduced the number of microglial cells and protected dentate gyrus granule cells in excitotoxically lesioned organotypic hippocampal slice cultures (OHSCs). Treatment with the PPAR-alpha antagonist N-((2S)-2-(((1Z)-1-Methyl-3-oxo-3-(4-(trifluoromethyl)phenyl)prop-1-enyl)amino)-3-(4-(2-(5-methyl-2-phenyl-1,3-oxazol-4-yl)ethoxy)phenyl)propyl)propanamide (GW6471; 0.05-5 μM) blocked PEA-mediated neuroprotection and reduction of microglial cell numbers whereas the PPAR-gamma antagonist 2-chloro-5-nitro-N-phenyl-benzamide (GW9662; 0.01-1 μM) showed no effects. Immunocytochemistry and Western blot analyses revealed a strong PPAR-alpha immunoreaction in BV-2 microglial cells and in HT22 hippocampal cells. Intensity and location of PPAR-alpha immunoreaction remained constant during stimulation with PEA (0.01 μM; 1-36 h). In conclusion our data provide evidence that (1) PEA counteracted excitotoxically induced secondary neuronal damage of dentate gyrus granule cells, (2) PPAR-alpha but not PPAR-gamma is the endogenous binding site for PEA-mediated neuroprotection, and (3) PEA may activate PPAR-alpha in microglial cells and hippocampal neurons to exert its neuroprotective effects. In addition to classical endocannabinoids, PEA-mediated PPAR-alpha activation represents a possible target for therapeutic interventions to mitigate symptoms of secondary neuronal damage.